Leaves of plants possessing the C4-dicarboxylic acid CO2-fixation pathway (14) are characterized by outer mesophyll cells containing granal chloroplasts and inner bundle sheath cells which contain chloroplasts with varying degrees of grana development depending on the species. As judged by Hill activities and fluorescence yield, bundle sheath chloroplasts which contain few grana have less photosystem II activity relative to photosystem I when compared to mesophyll cell chloroplasts in the same leaf (5, 11, 13, 15, 16) . The deficiency in PS-II' in these bundle sheath chloroplasts is further shown by the low chl/P700 ratio in bundle sheath chloroplasts of Sorghum bicolor and Digitaria sanguinalis (1, 13) and by the near absence of pigment-protein complex II (associated with PS-II) in bundle sheath chloroplasts of S. bicolor (12). These studies show that bundle sheath chloroplasts of C4 plants which contain few grana are highly deficient in PS-II and closely resemble the PS-I particles prepared from spinach chloroplasts by digitonin treatment (1).
Leaves of plants possessing the C4-dicarboxylic acid CO2-fixation pathway (14) are characterized by outer mesophyll cells containing granal chloroplasts and inner bundle sheath cells which contain chloroplasts with varying degrees of grana development depending on the species. As judged by Hill activities and fluorescence yield, bundle sheath chloroplasts which contain few grana have less photosystem II activity relative to photosystem I when compared to mesophyll cell chloroplasts in the same leaf (5, 11, 13, 15, 16) . The deficiency in PS-II' in these bundle sheath chloroplasts is further shown by the low chl/P700 ratio in bundle sheath chloroplasts of Sorghum bicolor and Digitaria sanguinalis (1, 13) and by the near absence of pigment-protein complex II (associated with PS-II) in bundle sheath chloroplasts of S. bicolor (12) . These studies show that bundle sheath chloroplasts of C4 plants which contain few grana are highly deficient in PS-II and closely resemble the PS-I particles prepared from spinach chloroplasts by digitonin treatment (1) .
The major deficiency in PS-II activity reported for S. bicolor bundle sheath chloroplasts, for example, has important consequences for Calvin cycle metabolism which occurs in the bundle sheath cells of this species. All carbon fixed during photosynthesis eventually passes through the Calvin cycle in the bundle sheath cells and, in view of major deficiency in PS-II, it has been suggested that NADPH is provided via malic enzyme (10, 14) and that ATP is generated via cyclic photophosphorylation (6, 14) .
There have been relatively few studies of photophosphorylation in chloroplasts of C4 plants (6, 8) , and in these no distinction was made between mesophyll and bundle sheath origin. This paper reports studies on photophosphorylation as a measure of coupled electron flow in chloroplasts from three C4 species, S. bicolor, Zea mays and Atriplex spongiosa. The data demonstrate a major deficiency of PS-II dependent photophosphorylation in fragments obtained from bundle sheath cell chloroplasts of S. bicolor and Z. mays. (16) as amplified above. In procedure B, the chloroplasts preparation was identical except that 2-mercaptoethanol and DTT were omitted from the grinding medium so that the role of PS-II in maintaining a suitable redox potential for cyclic photophosphorylation could be checked. In procedure C, Z. mays and S. bicolor chloroplasts with enhanced phosphorylative capacities were prepared by the modifications of Anderson et al. (1) . In this method, the grinding medium contained 10 mm DTT, and prechilled leaves were cut into strips under the grinding medium before blending as above. In all procedures the final chloroplast pellets were resuspended in 0.33 M sorbitol, 10 mM tricine, pH 8.0, 1 mm MgCl, and 0.5% bovine serum albumin.
MATERIALS AND METHODS

Seedlings
The assay medium for photophosphorylation (1. (9) . Accordingly, in white light photophosphorylation with PMS by bundle sheath chloroplasts was nearly four times greater than with pyocyanine. In red light photophosphorylation by bundle sheath chloroplasts with PMS alone was less than 10% of that obtained for mesophyll chloroplasts in these conditions. Addition of ascorbate resulted in equivalent cyclic photophosphorylation rates by bundle sheath and mesophyll chloroplasts with PMS in red light ( A. spongiosa granal bundle sheath and mesophyll chloroplasts were used for comparative control experiments and care was taken to expose the A. spongiosa material to the full rigors of blending and milling procedures used to prepare Z. mays and S. bicolor chloroplasts. Table II shows that phosphorylation rates of A. spongiosa bundle sheath chloroplasts in the presence of ferricyanide, benzylviologen, pyocyanine, and PMS respectively were all over 50% of the corresponding mesophyll chloroplasts rates. Benzoquinone-supported phosphorylation was somewhat greater in the bundle sheath chloroplasts than in mesophyll chloroplasts of A. spongiosa. The bundle sheath pyocyanine-supported phosphorylation rate was (16) . Since the A. spongiosa chloroplasts were subjected to the same forces during preparation as the Z. mays and S. bicolor chloroplasts, these results argue against the possibility that the PS-II deficiencies in the bundle sheath chloroplasts of the latter species derive from procedural artifacts.
The above results were obtained with chloroplasts prepared in the absence of added reductant so that the role of PS-II in cyclic photophosphorylation could be checked. Phosphorylation rates of chloroplasts from the monocotyledons Z. mays and S. bicolor, prepared by procedure B (no 2-mercaptoethanol in the grinding medium) were up to 10 times lower than the corresponding rates with A. spongiosa (dicotyledon) chloroplasts prepared by the same procedure. Inclusion of 5 mm 2-mercaptoethanol in the grinding medium (procedure A) did not significantly alter these low rates. Procedure C considerably enhanced phosphorylation rates, especially noncyclic rates (Table III) . Z. mays and S. bicolor mesophyll phosphorylation rates with ferricyanide as a Hill oxidant were over 14 times greater than the corresponding rates with bundle sheath chloroplasts. Mesophyll chloroplast cyclic photophosphorylation rates with PMS were about twice those for bundle sheath chloroplasts (cf. Table II) . These results provide a more convincing demonstration of the extent of PS-II deficiency in the bundle sheath chloroplasts.
The low PS-II-dependent photophosphorylation capacities of bundle sheath chloroplast fragments of S. bicolor and Z. mays are a measure of the major deficiency in PS-II-dependent electron transport reported for these particles (1, 16) . We believe that this is a real deficiency and not a procedural artifact deriving from the loss of an essential photosystem-linking component during preparation. This view is supported by the fact that high rates of DCPIP ascorbate-dependent NADP reduction can be obtained (16) in the absence of added plastocyanin (cf. Smillie et al. (15) ) and by the fact that DCPIP ascorbate-dependent photophosphorylation rates in the presence of methyl viologen of 93-167 /%moles/mg chl hr are obtained for S. bicolor bundle sheath chloroplasts in the absence of added plastocyanin. Together with the compositional studies (1, 12, 13) , these data emphasise the limited PS-II capacity of bundle sheath cell chloroplasts in S. bicolor and Z. mays and the importance of NADPH produced by malic enzyme to sustain Calvin cycle photosynthesis in these cells (10, 13, 15, 16) . Although the data reported above show high cyclic photophosphorylation capacities of bundle sheath chloroplast fragments in appropriate redox conditions, evidence for high rates of endogenous cyclic photophosphorylation in intact bundle sheath cells is still lacking.
